This study aims to investigate the antibacterial activities of essential oils isolated from various parts (buds, leaves and stems) of Eugenia caryophylata.
International Journal of Organic Chemistry use its essential oils for medical purpose, since it active against oral associated bacteria and fungi [2] . Previous studies have reported the antifungal [3] [4] [5] , antioxidant [6] [7] [8] , antibacterial [9] [10] [11] and anti-inflammatory [12] [13] properties of clove oil. The main component of clove oil, eugenol, has been used as an anti-cancer [14] [15] and as a starting material for synthesis analog L-α-metil DOPA [16] . Studies of clove essential oil from different parts of the world showed that the major components of the clove oil usually include eugenol, β-caryophyllene, α-humulene, caryophyllene oxide and eugenyl acetate respectively, and vary in concentration [17] [18] [19] The studies reveal a great variability in chemical compositions of the clove essential oils. Eighteen components were identified in essential oil from Turkey clove bud, where major components are eugenol (87%), eugenyl acetate (8.01%) and β-caryophyllene (3.56%) [1] .
There are ten components in clove essential oil, with the main components are eugenol (77.81%), eugenyl acetate (21.30%) and β-caryophyllene (8.44%) [20] .
Thirty-eight components were identified in the clove leaf oil from Bangladesh, and the main components are eugenol (74.30%), eucalyptol (5.80%), α-cadinol (2.43%) . Thirty one components in bud oil were identified and the main components are eugenol (47.70%), β-caryophyllene (18.90%), benzdene-1-ethyl-3-nitro (11.10%) and benzoic acid 3-(1-methylethyl) (8.90%) [17] . Studies on the bud and leaf essential oil of clove from India and Madagascar were found 28 and 35 components respectively from the bud oils and the leaf oil from Madagascar is 22 components. Major components in the bud oil from India are eugenol (70%) followed by β-caryophyllene (19.5%) and eugenyl acetate (2.1%). A comparison of components of bud and leaf oils from Madagascar is 82.6%: 82.0% for eugenol, 7.2%: 13.0% for β-caryophyllene, and 6.0%: 0.4% for eugenyl acetate [18] . It has been shown that there are 10 components of bud, leaf and stem es- [19] . The essential oils of clove from Amboina Island have been reported [21] . As far as we know, this is the first report of the anti-bacterial activity of this clove oil from Amboina Island.
Experimental

Materials
Essential Oil Isolation from Buds, Leaves and Stems
The dried plant materials (1.0 kg) of buds, leaves (1.0 kg) and stems (600 g) were treated by steam-distillation method by conventional steam distiller, for 6 hours.
The essential oil samples were dried by anhydrous sodium sulfate (Na 2 SO 4 ) and stored in cool until further analysis conducted.
Gas Chromatographs (GC)
GC analysis of clove essential oil was performed on a Shimadzu QP-2010, equipped with a FID and Rtx-5MS using a fused silica capillary column (30 m × 0.25 mm ID, film thickness 1.0 μm). Oven temperature was from 80˚C for 5 minutes and programmed heating from 80˚C to 280˚C at a rate of 16˚C for 6 minutes, and injector temperature 270˚C; detector temperature 280˚C; pressure of carrier nitrogen gas at inlet 7 psi, split ratio 40 and volume was 0.5 μL.
Gas Chromatography-Mass Spectrometry (GC-MS)
GC-MS analyses of clove essential oil were performed using Shimadzu QP-2010
Plus at 70 eV and 320˚C with auto sampler, system equipped with Rtx-5MS fused silica capillary column (30 m × 0.25 mm ID, film thickness 1.0 μm). Oven temperature was from 70˚C for 5 minutes, than programmed heating from 70˚C to 220˚C at a rate of 10˚C for 6 minutes, and from 280˚C for 5 min, injector temperature 270˚C. 100% pure helium gas was used as a carrier gas at the constant flow rate 2.30 mL/min, split ratio 40, ion source temperature 210˚C [21] .
The spectrum of the unknown component was compared with the spectrum of known components stored in the Wiley 7 library. Name, molecular weight and structure of the component of the test materials were ascertained.
Antibacterial Assay
1) Bacterial strains and media
Four strains of bacteria use to assess the antibacterial properties is two Gram positive (Bacillus subtilis FNCC0060 and Staphylococcus aureus ATCC6538) and two Gram negative bacteria (Escherichia coli FNCC0091 and Salmonella typhimurium FNCC0157). All bacteria were grown on nutrient agar (Oxoid).
2) Disc diffusion test
Diameter of zone of inhibition was determined using the disc diffusion me- Studies were performed in triplicate, and mean value was calculated.
3) Determination of minimum inhibitory and bactericidal concentrations
The essential oils, which exhibited the best antimicrobial activity in the paper disk diffusion assay, and some individual constituents, were selected for deter- 
Statistical Analysis
The means were analysed by one way analysis of variance (ANOVA) followed by Tukey's post hoc multiple comparison test using SPSS software package version 17.0 for windows. The results were expressed as mean ± SD. P values <0.05 were considered as significant.
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Results and Discussion
Performance of Bud, Leaf and Stem Essential Oil of Clove
The clove essential oils of buds, leaves and stems were distilled from dried plant material on equipment of the steam distillation. Average yields essential oils isolate in different part of clove were calculated toward the dried materials. The results of clove oil from buds, leaves, and stems were 6.85% (w/w), 3.21%, (w/w) and 2.58% (w/w), respectively.
Chemical Composition of Bud, Leaf and Stem Clove Essential Oils
GC and GC-MS were use to analyze the clove essential oils from buds, leaves and stems. Five components were identified and quantified, as shown in Table 1 report [21] .
Based on this result, it can be inferred that oil from stem contain higher eugenol content than bud and leaf oil, but lower β-caryophylene and eugenyl acetate content than on bud and leaf oil. Moreover oil from leaf contains higher β-caryophylene content than bud and stem, and oil from bud contain higher in eugenyl acetate content than oil from leaf and stem.
A typical gas chromatogram of clove oil is shown in Figure 1 (oil from bud), In the recent study bud contain compounds more than leaf and stem so that more production of compounds.
Antibacterial Activity of the Oils
The antibacterial activity of oil from stem, leaf and bud clove against four strain pathogen bacterial is summarized in Tables 
Values are mean diameter of inhibitory zone (mm) ± SD of three replicates, followed by different letters in column are significantly different (P < 0.05). The diameter of paperdisk (6 mm) is included. 2 Ampicillin (100 µg/mL) used as positive control and DMSO used as negative control.
3 -: no antibacterial activity. Table 3 . Antibacterial activity of clove oil against Bacillus subtilis FNCC0060 and Staphylococcus aureus ATCC6538. The essential oil from the stem of E. caryophylata showed high antibacterial activity against E. coli and S. aureus (MIC = 2.5 μL/mL and MBC = 10 μL/mL), and the leaf oil showed high antibacterial activity against E. coli (MIC = 2.5 μL/mL and MBC = 10 μL/mL).
In vitro studies in this work showed that the clove oils inhibited bacterial growth but their effectiveness varied and oil from stem of clove exhibited strong activity against the selected bacterial strains. This shows that antibacterial activity related to the components of eugenol contained in the cloves where the stem contains the highest compared to the leaf and bud. It has been previously reported [25] that oils induce antimicrobial activity because of the high concentration of eugenol and eucalyptol components. This result showed eugenol compound have aromatic ring and hydroxyl group as determining of antibacterial activity. Previous research showed that the antimicrobial activity of eugenol caused by the disruption of the bacterial cell membrane [26] .
Conclusion
The chemical composition of essential oils from clove (Eugenia caryophylata) was investigated. Essential oil from bud, leaf and stem clove oil, was obtained from steam distillation method, and its chemical composition was determined by GC and GC-MS. Main components in the bud oil are eugenol (75.30%), eugenyl acetate (20.93%) and β-caryophyllene (3.00%); in leaf oil, eugenol (82.97%), β-caryophyllene (12.84%), while in stem oil, eugenol (97.75%). The Oils were tested for their in vitro antibacterial activities against Gram-positive bacteria (Staphylococcus aureus and Bacillus subtilis) and the Gram-negative bacteria (Escherichia coli and Salmonella typhimurium). The essential oil of buds, leaves and stems displayed marked broad spectrum antibacterial activity against Gram-positive and Gram-negative bacteria.
